Abstract: A staged series with time data and original photographs of the embryonic development of the tree frog, Hyla arborea are presented, following Gosner's generalized table. To contribute to species specific embryological studies of anurans, the external features of development of this species were described. Duration of embryonic development, from fertilization to 25 th stage, is about 9 days at 20 ± 1
Introduction
In the past few decades there has been considerable progress in the understanding of developmental processes of vertebrates. Amphibians, being tetrapods (except caecilians), with all the fundamental features of land-dwelling vertebrates, are a convenient system for studying their development for several reasons. Historically, they could be easily studied using experimental techniques. They undergo external development, so they can be observed and relatively easily manipulated. Also, their eggs and embryos are physically large. Moreover, their development is relatively rapid. Gosner's (1960) generalized table is usually accepted as a standard for anurans. It is basically applicable to taxa that have aquatic eggs and larvae (Duellman & Trueb 1994) . The model organisms most commonly used for amphibian development are the South African clawed frog, Xenopus laevis (Daudin, 1802) and the American leopard frog, Rana pipiens Schreber, 1782. Although anuran development is generally thought to be relatively conservative, a great deal of variation is evident when different species are compared. Various studies have demonstrated that many divergent patterns can be seen in embryonic development of a number of anuran species (del Pino & Elinson 1983; Elinson & del Pino 1985; Townsend & Stewart 1985; Elinson 1987; Hanken et al. 1997; Elinson & Fang 1998; Chipman 2002; Shimizu & Ota 2003) . Early published descriptions on the development of hylid species were only on Hyla regilla Cocroft, 1994 and Hyla avivoca Viosca, 1928 (Volpe et al 1961; Rugh 1962; Duellman & Trueb 1994) . Recently, Iwasawa & Futagami (1992) have described normal stages of development of Hyla japonica Günther, 1859 in detail. But not much is known about the embryonic development of Hyla arborea (L., 1758). As far as we know, the complete staged series of its embryonic development has not been presented before. Here we present data on the main features and stages of embryonic development of the tree frog, H. arborea as a basis for further embryological and life-history studies. It represents a complete embryonic developmental sequence (1 through 25 stages) with time data and original photographs at a controlled temperature.
Material and methods
Embryos of H. arborea were obtained from spontaneous matings in the laboratory. Nocturnal mating pairs in amplexus were collected from a clean temporary pond located near Bornova,İzmir. These pairs were transferred to the laboratory and separately housed in a glass container (26 × 38 × 16 cm) with de-chlorinated tap-water. Three to five hours later, spawnings were seen. Fertilized eggs obtained by this procedure were reared at 20 ± 1 • C, with natural ambient lighting, in de-chlorinated and gently aerated tap water. To obtain a sequence of developmental stages, groups of embryos were removed at any one time, and the rest were left in the clutch for further development. During the development of the embryos, thermoregulation device was used in order to stabilize the room temperature. The water temperature corresponded to the room temperature, which was recorded continuously on a thermograph during the development of the embryos. Water temperature was also checked to nearest 0.1 Living embryos were raised in petri dishes in their jelly coatings. To describe the stages of development, these embryos were observed and photographed using a stereo-microscope (Olympus SZ61) attached with a digital camera (Camedia C-5060). The age of the embryos was calculated using the time when the egg cluster was deposited and the embryonic stages of development were determined according to Gosner (1960) . This study is based on the observations of approximately 60 embryos from six mating pairs.
Results
The ovum of H. arborea measured 1.4 ± 0.07 (mean ± standard deviation) mm in diameter (n = 100) (range 1.1-1.7 mm). The animal hemisphere is brown; the vegetal hemisphere is yellowish white. Two jelly envelopes surround the egg. Embryonic stages described here, 1 through 25, contain the embryonic or pre-feeding series (Figs 1, 2; Table 1 ) at 20 ± 1
Stage 1, fertilization, was indicated by rotation of the embryo so that the animal hemisphere was dorsal ( Fig. 1.1 ). In stage 2, as first external evidence of development, the second polar body was released which was defined at 30 min ( Fig. 1.2 ). However, no grey crescent was evident. The first cell cycle took about 2 h at 20 ± 1
• C (Table 1) . In stage 3, the first cleavage furrow passed from the animal to the vegetal pole and gradually divided the egg into two blastomeres ( Fig. 1.3 ). The eggs are telolecithal, which undergo holoblastic and unequal cleavage requiring approximately 30 min for each cycle (Table 1) . Formation of the second cleavage furrow began after the first division was completed. In stage 4, the second cleavage furrow was perpendicular to the first one and also passed from the animal to the vegetal pole so that 4 blastomeres occurred ( Fig. 1.4) . Similarly, the third (latitudinal) cleavage furrow, stage 5, became visible after the previous division was completed. In the eight-cell stage, the embryos displayed 4 small animal micromeres and 4 large vegetal macromeres ( Fig. 1.5 ). In the next stages, 6 and 7, cleavages started at the animal pole and were faster and more extensive at the animal quarter of the embryo. These lead to a 16 and 32-cell embryo, respectively (Figs 1.6, 1.7). In these stages, the cleavages were regular; however, the fourth cleavage was meridional while the fifth one was latitudinal (delayed in vegetal hemisphere). After stage 7, the embryos cleaved irregularly. During the cleavages, the volume of the egg stayed the same, but it was divided into a lot of smaller cells. Mid-cleavage or early blastula, stage 8, was characterized by continued irregular cleavage and intrusion of a pigmented area over a pale area (Fig. 1.8 ). During late cleavage or late blastula, stage 9, small, pigmented cells of the animal hemisphere (micromeres) extended well down toward large and pale yellow cells (macromeres) of the vegetal pole (epiboly). The surface of the animal hemisphere was smooth in this stage ( Fig. 1.9 ). Gastrulation began with the formation of a dimple, the blastopore. The dorsal blastopore lip was observed at the boundary between the slightly pigmented blastomeres of the sub-equatorial region and the large and yolky vegetal cells, as a crescent-shaped slit in stage 10 ( Fig. 1.10) . In stage 11, the blastopore surrounded a large yolk plug that was nearly half of the embryo's diameter ( Fig. 1.11) . In stage 12, the blastopore gradually closed, elevated to the point of posterior axis of the embryo and the yolk plug became smaller (Figs 1.12a, b) . In stage 13, the yolk plug retracted inside the embryo and the closed blastopore looked like a small slit ( Fig. 1.12c) . In advanced stage 13 embryos, the outline of the neural plate became visible (Fig. 1.13 ). Neural folds began to form as ridges lateral to the neural groove on the dorsal surface of the embryo in stage 14, the early neurula stage. (Fig. 1.14) . The neural folds gradually closed in the midline during the mid neurula stage, stage 15, (Fig. 1.15 ). Neurular rotation, active ciliary rotation of the embryo within its capsule, which is a representative for the Gosner stage 15, was not observed during this stage of H. arborea. In stage 16, the neural folds came together at the dorsal midline, creating a neural tube (Fig. 1.16) .
The beginning of the late embryonic development, in stage 17 (the tail bud stage), the embryos appeared in strongly arched form (Figs 2.17a, b) . Stages 17-21 of H. arborea involved the elongation of the body and, development of the tail bud and gills. Development of the adhesive organs (oral suckers) was also observed through stages 17-21; after stage 21 these organs began to disappear and their scars disappeared in stage 25. Outer jelly envelopes of the embryos were opened in the stage 17 (Fig. 2.17b) . In stage 18, the embryos had muscular activity and the gill plate divided into branchial arches (Fig. 2.18a) . Stomadeum, olfactory pits and suckers were evident and the tail was rounded in this stage (Fig. 2.18b) . In stage 18-25, the tail gradually elongated and the rounded tail transformed into a pointed tail. In stage 19, heart beat, a visible pulsation below the gills, was observed (Fig. 2.19 ). It was most apparent when the embryo was viewed in profile. In stages 19 and 20, there was progressive development of external gill filaments. External gills displayed blood circulation in stage 20 (Fig. 2.20) . Optic vesicles were also evident at this stage. The external gills continued to grow in stages 21-22 and reached their maximum size in stage 23. In stage 21, the cornea became transparent and the eyes were noticeable but tail fins were still opaque (Fig. 2.21 ). Dark pigment accumulated especially in the dorsum of the body at this stage and the embryo had the appearance of a tadpole (Fig. 2.21) . Embryos hatched in stage 20 or 21, varying individually (Figs 2.20, 21 ). Hatching occurred in the 4 th or 5 th day after fertilization. The mean total length of 25 hatchlings was calculated as 6.38 ± 0.62 (mean ± SD) mm and the range were measured as 5.00 to 7.43 mm. In stage 22, the fins became transparent and blood circulation was detected in the transparent tail fin (Fig. 2.22) . In stage 23 mouthparts began to develop. The development of the operculum occurred in stages 23-25, as in other anurans (Gosner 1960) . The opercular fold became visible in stage 23 (Figs 2.23a, b) and covered the external gills on the right in stage 24 (Figs 2.24a, b) . The operculum was completely formed by stage 25 and the spiracle became visible on the left (Figs 2.25a, b) . At this stage, the mouth had darkly pigmented labial teeth. No considerable individual variations in the timing of developmental stages were detected. The embryonic development process of H. arborea, from fertiliza- (Table 1) .
Discussion
The present study provides a normal staging table of embryonic development of H. arborea with time data. Twenty-five morphological stages of H. arborea were identified according to Gosner's (1960) generalized ta- ble. Both tables are also applicable for taxa that have aquatic eggs and larvae; however, some interspecific differences can be observed. The adoption of Gosner's system for general use is recommended, as comparative studies of various species must be based on equivalent developmental stages. The embryonic development of H. arborea has not been previously described. Descriptions on the development of hylid species were only on H. regilla, H. avivoca and H. japonica (Volpe et al. 1961; Rugh 1962; Iwasawa & Futagami 1992; Duellman & Trueb 1994) .
In the embryonic development of H. arborea, the first, second, third, fourth and also the fifth cleavages were regular but after stage 7 the embryos cleaved irregularly. The fifth cleavage was irregular in two relative species of H. arborea as H. japonica and H. avivoca, and also in a distant frog species, R. pipiens, as contrasted with H. arborea (Shumway 1940; Volpe et al. 1961; Iwasawa & Futagami 1992) . It was also reported that embryos cleaved irregularly at eight cell stage of the dendrobatid frog, Colostethus machalilla Coloma, 1995 (del Pino et al. 2004 .
In the present study, unlike typical anuran development, ciliary rotation of the H. arborea embryo was not observed during stage 15. Similarly, ciliary rotation was not seen in the embryonic development of sphagnum frog, Kyarranus sphagnicolus Moore, 1958 that has large-yolked eggs (de Bavay 1993) . No information about ciliary rotation was given for H. japonica in Iwasawa & Futagami's (1992) paper. It was not mentioned in the embryonic development of Microhyla ornata (Dumeril et Bibron, 1841) either (Shimizu & Ota 2003) . However, it was reported that the embryos of H. avivoca and R. pipiens rotated by ciliary action in stage 15 (Shumway 1940; Volpe et al. 1961 ).
According to Duellman & Trueb (1994) , the pattern of development of embryos developing into aquatic larvae is generally the same in stages 1-16. At the beginning, the developmental stages of H. arborea are similar to those given by Shumway (1940) for R. pipiens; however, stages from 15 to 24 of H. arborea slightly differ from those of this species, just like in H. regilla (Rugh 1962) . Especially, because of their strongly arched form, hylid embryos may appear dissimilar to those of other families during stages 17, 18 and 19 (Gosner 1960; Rugh 1962) . Although H. avivoca is a member of hylid species, it was not mentioned any arched form in these stages (Volpe et al. 1961) . However in other hylid species, H. japonica, this characteristic was evident in stages 17 and 18 (Iwasawa & Futagami 1992) . According to present study, the embryos of H. arborea also appeared in arched form in the tail bud stage.
Hatching occurred at stage 20 or 21 in H. arborea, quite similar to that given for H. avivoca (Volpe et al. 1961) , on the 4 th or 5 th day after fertilization. Likewise, Shumway (1940) reported that the embryo of R. pipiens hatched at stage 20 on the 6 th day after fertilization. Duellman & Trueb (1994) stated that in anurans, hatching may occur at any time after the stage 16.
In H. arborea, duration of the embryonic development, from fertilization to 25 th stage, took 8.8 days at 20 ± 1 • C. In H. japonica and H. avivoca, durations of embryonic development for the same period were about 4.4 and 4.7 days, respectively (Volpe et al. 1961; Iwasawa & Futagami 1992) . Rates of development to differ- (Gosner 1960) , R. pipiens (Shumway 1940) , H. avivoca (Volpe et al. 1961) ; B -H. japonica (Iwasawa & Futagami 1992 ); NG -not given; S -similar to those decribed by Gosner (1960) .
ent stages may be dependent primarily on temperature and secondarily on ovum size (Duellman & Trueb 1994) . While the ovum diameter of H. arborea was calculated as 1.4 mm, the eggs of H. japonica and H. avivoca had been reported as 1.3 and 1.2 mm in diameter, respectively (Volpe et al. 1961; Iwasawa & Futagami 1992) . Table 2 shows comparison of some characteristics of embryonic development of H. arborea both with two congeneric species (H. japonica and H. avivoca) and a distant frog species (R. pipiens) of the tree frog. In summary, there appears to be great similarity in external embryonic characters among these species. All of the species in Table 2 have aquatic eggs and larvae. Therefore the pattern of development of these species is generally the same, although one of them is in a different family (Ranidae). However, some interspecific differences can easily be noticed. For instance, neurular rotation was absent in the embryonic development of H. arborea as contrasted with the other species. Unlike R. pipiens, hylid species show arched form in the beginning stages of late embryonic development. Further studies are needed to examine the taxonomic implications of species level differences.
The purpose of staging amphibian development is to divide the continuous process into progressive steps, the stages, which will allow making comparative studies between species. These types of studies are indispensable to many researches involved with frog life-history materials and teratogenicity tests in toxicological studies. Moreover, complete tables of development are necessary for accurate comparison of developmental stages in different organisms. Thus the results of present study might also contribute to little-studied interspecific variation in development of anurans.
